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 LOW ALTITUDE FLIGHT OF OSCINELLA FRIT L.
 (DIPTERA: CHLOROPIDAE)
 By D. CALNAIDO,* R. A. FRENCH AND L. R. TAYLOR
 Department of Entomology, Rothamsted Experimental Station,
 Harpenden, Herts.
 Oscinellafrit L. migrates at high altitudes (Johnson, Taylor & Southwood 1962) and a
 large proportion of individuals fly upward at take-off (Southwood, Jepson & van Emden
 1961). There is some inconclusive evidence about flight of frit at low altitudes (Taylor
 1960a) but nothing was known about the number in flight at different heights near the
 ground, or of the effects of climate in different months. We therefore measured the aerial
 density of 0. frit in strata from plant-top to tree-top height in different seasons and
 analysed the results in relation to the population and the environment.
 MATERIALS AND METHODS
 The insect
 Oscinella frit L. was identified according to standards accepted by Southwood &
 Jepson (1962). It is possible that a few 0. frit were rejected in error, but unlikely that
 other species are included; the error of identification is certainly small. All insects were
 sexed and differences in behaviour between sexes sought. In 1961 the three generations
 separable on oats are represented. In 1962, results were obtained in each month from May
 to September.
 The sites
 In 1961 the traps were set up in a 3 ac (1 -2 ha) field of oats, variety Manod, immediately
 after sowing on 7 April so that the crop grew close around the traps. Every effort was
 made to keep the vegetation undisturbed, the pathways to each trap being as narrow as
 possible. The traps were surrounded by oats to a minimum distance of 50 yd (46 m). The
 crop was cultivated normally, but the seed was not dressed with an insecticide.
 To the west an avenue of 60 ft (18 m) high lime trees (Tilia spp.) bordered the crop. A
 9 ac (3.6 ha) bean field was to the south, a mown grass playing field to the north and 4 ac
 (1 6 ha) of 2 year grass ley were to the east. A single trap was also set in grass, at the site
 used again in 1962 (see next paragraph).
 In 1962 the traps were set in a mown grass plot 20 x 15 yd (18 x 14 m) and in a 0 5 ac
 (0-2 ha) plot of clean fallow to the north of the grass. Eight ac (3.2 ha) of arable land
 growing potatoes and mangolds were to the east, 9 ac (3.6 ha) of wheat to the west and 1
 ac (0 4 ha) of short permanent grass, including a mown grass Meteorological Station,
 were to the south. There were no trees within 100 yd (92 m). The green sward of the mown
 grass plot consisted mainly of Festuca spp., Poa pratensis L., P. trivialis L. and Trifolium
 repens L. with less Agropyron repens (L.), Plantago media L., Bellisperennis L., Ranun-
 culus repens L., Taraxacum officinale agg. and Stellaria media (L.). It was cut weekly to
 about 2 cm and watered during a dry period in June, especially round the traps where
 turves had been transplanted.
 * Present address: Tea Research Institute, Hantane Estate, Kandy, Ceylon.
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 The traps
 The aerial density of Oscinella frit was measured with suction traps of various kinds
 (Johnson & Taylor 1955) standardized to give numbers of insect per 106 ft3 (283 x 102 m3)
 of air (Taylor 1962).
 In 1961, 9 in. (22.5 cm) Vent-Axia traps were used at 1 cm over grass, at 1 cm and
 1-3 ft (41 cm) over crop level in the oats. Eighteen-inch (45 cm) Propellor traps were used
 at fixed heights of 8 1, 16-6 and 27-6 ft (2.5, 5 0 and 8-4 m) above ground in the oat field.
 As the crop grew, the height of these traps above crop level diminished from 7-6, 16-0 and
 27-0 ft (2.3, 4-9 and 8 2 m) in May, to 4-6, 13 0 and 24-0 ft (14, 4 0 and 7 3 m) by the end
 of July; subsequently these heights remained constant. Mean heights above the crop,
 for the season are 5 6, 14-0 and 25 0 ft (1-7, 4-3 and 7-6 m).
 In 1962, 9 in. (22.5 cm) Vent-Axia traps were 1 cm and 61 cm over bare fallow and
 1P6, 6 5, 15, 30 and 53 cm over grass. A 12 in. (30 cm) Vent-Axia trap was at 1-2 m;
 18 in. (45 cm) Propellor traps at 2-4, 5.0 and 8-4 m, and 12 in. (30 cm) Aerofoil traps at
 14-9, 18-1, 24-0 and 32-0 m above crop level.
 The heights quoted are the inlet planes of the traps and are mean values above the
 ground or crop surface which was not necessarily level. Traps were painted green or
 brown to harmonize with the grass or fallow respectively. Those on towers with a back-
 ground of sky were silver/grey. All traps were calibrated in situ in 1962. The traps must
 sample a horizontal stratum of small but finite depth. In the two lowest traps in 1962 this
 may have a relevant effect not yet accounted for.
 Take-off cages
 In 1961 the number of flies taking off for the first time from the crop was recorded each
 day from a sample of five unit areas of ground, each 1 yd2 (0.84 m2). Each unit
 area was enclosed in a cage, 1l4 m tall, with black cloth sides and a pyramidal muslin
 top, opening into a transparent trap from which insects could be removed. These cages
 were put over the growing oat crop in new positions on 25 May, 22 June and 31 July and
 the newly flown flies collected, usually daily, but occasionally hourly. When the cages
 were removed after about 1 month in one place, the plants inside were slightly etiolated
 but quickly recovered. It is unlikely that this affected the number of flies developing in
 them.
 Sampling routine
 Suction traps and take-off cages were emptied daily between 08.00 and 09.00 hours
 G.M.T. The 1 cm oat-crop trap in 1961 and the 1 6 cm grass trap in 1962 automatically
 gave hourly samples and on 10 July and 18 August 1961 all traps were emptied hourly;
 catches otherwise were daily.
 Treatment of samples
 Catches from the vertical series of traps were converted to insect density, no./106 ft3 of
 air (283x 102 m3), corrected for the percentage efficiency of each trap. The vertical
 profiles are expressed in this way.
 By graphical integration of the vertical profile of density, the total number of insects
 in a column of air of base area 106 ft2 (92 900 m2) and 30 ft (9.2 m) high was obtained from
 the 1961 data. The sample from the emergence cages was converted to no./106 ft2 of
 ground (no./92 900 m2). These aerial and ground populations are directly comparable
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 except that the total aerial population extends well above 30 ft (9-2 m) and is therefore
 underestimated.
 Meteorological records
 In 1961 temperature was recorded at crop level in the oats by an aspirated mercury-in-
 steel thermograph. Wind speed was recorded at 41 ft (12-5 m) by a Dines anenometer
 150 yd (138 m) from the traps. Rainfall was measured by 5 in. (12.7 cm) gauge at the same
 place, Rothamsted Meteorological Enclosure.
 Table 1. Catch offritflies in suction traps and take-off cages in 1961
 Generation date
 Overwintering Tiller Panicle
 17 May to 17 June 18 June to 31 July 1 Aug. to 14 Sept. Total
 Trap , A
 I cm grass 136 112 1442 334 823 513 2401 959
 1 cm oats 4 8 758 1643 170 118 932 1769
 41 cm oats 2 10 259 540 116 81 377 631
 1P7 m 45 89 967 2127 2638 2015 3650 4231
 4-3 m - 32 61 287 812 1050 1217 1369 2090
 7-6 m 18 45 115 313 269 327 402 685
 Total 237 325 3828 5769 5066 4271 9131 10365
 Take-off (5 yd2) 0 0 49 71 3006 3044 3055 3115
 Table 2. Catch offrit flies over grass andfallow in 1962
 May June July August September Total
 Trap t r - - , (, r A
 I cm fallow 7 6 26 36 56 78 106 81 27 29 222 230
 61 cm fallow - - 16 18 21 12 20 21 3 8 60 59
 1 6 cm grass 5 2 2212 1441 1799 1218 1422 852 686 531 6124 4044
 65 cm grass - - 253 290 348 425 314 299 96 124 1011 1138
 15 cm grass - - 93 99 110 128 103 122 30 36 336 385
 30 cm grass - - 30 35 29 34 41 49 7 17 107 135
 53 cm grass - - 15 29 42 64 30 43 7 17 94 153
 1 2m - - 31 35 25 26 36 42 9 21 101 124
 2 4 m 1 2 159 223 179 211 167 181 37 66 543 683
 50 m 1 3 75 87 93 114 118 137 21 32 308 373
 8 4 m 0 1 48 46 46 61 43 60 11 12 148 180
 14-9 m 0 0 28 28 13 24 21 17 2 2 64 71
 18-1 m - - 9 11 16 30 21 16 0 6 46 63
 240 m - - 11 12 10 21 5 14 1 2 27 49
 320m 0 0 11 12 6 22 9 13 1 1 27 48
 Total 14 14 3017 2402 2793 2468 2456 1947 938 904 9218 7735
 In May trapping was spasmodic. Traps at 1 cm fallow, 1 6 cm grass, 2 4 m, 5 0 m, 8 4 m, 14-9 m and
 32-0 m ran for 12 consecutive days, 11-22 May: these are the catches used for density profile trans-
 formations.
 In 1962 temperature was measured in the air stream of the 105 ft (32 m) and the 1-6 cm
 grass traps by mercury-in-steel thermographs which were calibrated in position. Wind
 speed and direction were measured by Dines anemometer at 41 ft (12-5 m), 20 yd (17 m)
 from the traps.
 D JAE
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 Table 3. Hourly samples from suction traps and take-off cages in oats, 1961
 Time (hours G.M.T.)
 Date Trap, Total
 06-07 07-08 08-09 09-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 >
 lOJuly 1cm - 3 3 11 7 15 17 14 8 19 7 5 1 2 112
 41 cm - 0 2 4 3 11 7 14 5 4 1 2 2 0 55
 1-4 m - 8 15 22 39 27 20 52 15 14 11 20 6 2 251
 4-0 m - 3 11 11 7 10 4 10 3 4 3 4 1 0 71
 7-3 m - 1 1 6 3 4 2 3 4 2 1 0 0 0 27
 Total - 15 32 54 59 67 50 93 35 43 23 31 10 4 516 ?;
 18 1 cm I 0 1 1 1 3 2 0 2 0 1 0 0 2 14 :3
 August 41 cm 0 1 0 0 0 1 1 5 3 0 0 0 0 0 11 0
 1[4 m 2 11 43 20 8 30 49 43 21 16 3 2 1 0 249
 40 m 1 5 18 4 3 8 6 11 7 3 3 0 0 0 69
 7-3 m I I 0 2 3 4 4 3 2 0 0 0 0 0 20
 Total 5 18 62 27 15 46 62 62 35 19 7 2 1 2 363
 Take-off cages
 (area 5 yd2) 28 20 26 30 36 78 135 114 71 46 12 4 0 0 600
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 RESULTS
 The data
 In 1961 the population at 1 cm over oats separated into three distinct generations;
 adults 17 May to 17 June from overwintering larvae, adults 18 June to 31 July from
 larvae in tillers, adults 1 August to 14 September from larvae in panicles (Table 1).
 In 1962 the population at 16 cm over grass shows no such synchronization of emer-
 gence and is therefore divided by months instead of generations (Table 2).
 Table 4. Tiller generation
 Date Aerial Gradient Take-off Temp. Wind Rainfall Sunshine
 numbers b numbers (0 C) speed (cm) (h)
 (106 ft2/h) (m/sec)
 June
 25 3-41 -1-29 3-82 29-0 2-02 0 15 5
 26 3-66 -1-79 0 20 5 2-02 0-28 1-6
 27 4-11 -1-77 3-96 21-0 3 55 0 13-4
 28 4-15 -1-88 3-96 24-0 2-02 0 15-3
 29 4-24 -1-12 4-01 27 5 1-02 0 14-3
 30 4-19 -1-56 4-05 305 1 50 0 11.8
 July
 1 4 57 -1-28 3 93 33 5 1-02 0 11-4
 2 4-87 -3-48 3 93 23 5 2 53 0-41 0-4
 3 5414 -2-32 4-05 23 5 3 55 0 6-6
 4 497 -2-35 375 205 458 0 4-3
 5 4 79 -2-64 4-23 22 5 3 55 0 13-6
 6 5 02 - 1 87 3 93 25 0 2 02 0 13-4
 7 4-90 -1-84 4-09 250 2-53 0 9.1
 8 4-94 -4-23 4-09 19-5 3.55 0-05 0
 9 5-16 -2-15 4*09 25 0 2 53 0 7-1
 10 4-98 -1-79 4-12 25 0 2 53 0 0 9
 11 4.89 -2-08 3.93 26&0 2 53 0 51 7.4
 12 4 30 -2-82 3.93 19.0 2 53 0-86 2-8
 13 4-48 -4-02 3-83 19 5 4 58 0-08 4 9
 14 4-13 -2-31 3-86 17-5 4-06 0-41 4-2
 15 4-67 -2-49 3.94 19 5 3 04 0-71 7.7
 16 4-40 -2-28 3.94 19-5 2-53 0-20 2-5
 17 4-80 -1-49 3.75 18-5 2 53 0 1I3
 18 4-55 -1-40 3.93 20-5 2-02 0 5 6
 19 4-61 -1-44 0 21-5 2-02 0 7-6
 20 4 52 -1 01 3-82 23 5 2-02 0 11-2
 Mean 4 55 -2-10 3.94 2341 2-66 0-13 7-46
 Log numbers in flight up to 30 ft (9-2 m) over 106 ft2 (92 900 M2) of oats, gradient b of log density on
 log height, log numbers taking flight from 106 ft2 (92 900 m2) per hour, maximum temperature at crop
 level, mean wind speed, rainfall and hours sunshine from 25 June to 20 July 1961.
 Table 3 gives the hourly records for 10 July and 18 August 1961.
 The effect of the environment and of the numbers taking off from an area of 106 ft2
 (92 900 m2) of oat crop, on the number in flight over the same area of crop to a height of
 30 ft (9-2 m) and on the gradient (b) of log density on log height were analysed from 25
 June to 20 July 1961 (Table 4) and from 2 August to 31 August 1961 (Table 5).
 The profile of density in relation to height
 The profile of log insect density in relation to log height divides into three parts; an
 upper element with negative linear gradient, from 2 5 m up to the maximum height
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 measured, 32 m; a lower element, with a similar negative linear gradient from 05 m
 down to within a centimetre of the grass surface; the third part is a discontinuity, usually
 from 05 to 2 5 m, with a gradient that was positive on some occasions and negative on
 others.
 Table 5. Panicle generation
 Date Aerial Gradient Take-off Temp. Wind Rainfall
 numbers b numbers (O C) speed (cm)
 (m/sec)
 August
 2 2*57 +1.015 4411 24.0 3.55 0
 3 2.99 +0 043 4-63 21.5 3-55 0
 4 2.84 -1-507 4-81 27-0 5-60 1-49
 5 2-67 -1-791 4 97 19.0 3 04 0.03
 6 2.69 -0 347 5-11 24.5 2-53 0.10
 7 3411 +0-265 5-21 25.0 2-02 0-56
 8 3*01 -2-095 5-58 21.0 5-60 0 03
 9 3411 -0 933 5 70 23.0 3 04 0
 10 3.10 -0-280 5-76 21.5 1.50 1.12
 11 3-12 +1P084 5-92 19.0 1-50 0.06
 12 3.61 +2-450 5-80 22.5 1P50 0-18
 13 3 30 -0-321 5-80 18&5 2-02 0 10
 14 3 07 -0 503 5-77 19.0 2-53 0-25
 15 3.88 -0 390 6-03 21.0 3 04 0
 16 3-71 -1P130 5-81 21.0 3-55 0-03
 17 4-21 -0-694 5.97 24-0 2-53 0
 18 3.82 -1-089 6-05 23.0 4-06 010
 19 3-88 -1-728 5.61 20.5 4-06 0-18
 20 4*07 -0-781 5 70 24-0 3-55 0 03
 21 4.25 -1-488 5-71 23.5 5-60 0410
 22 4 04 -0 935 5-42 21.0 4-06 0
 23 4-13 -04154 5 70 21-5 3 04 0-51
 24 3-48 -1-628 5 07 23-0 2-02 0-38
 25 3*09 -0 700 5-19 23.5 3 04 0
 26 3-08 -0 573 5 09 25-0 3.55 0
 27 3-83 -1-108 5-08 25-0 2-02 0
 28 2*88 +0-703 4-80 27-5 1-50 0
 29 2-66 -1-301 4-57 32.0 2-53 0
 30 2-70 +0-020 4 05 27-0 2-53 0
 31 2-50 +0-622 4-52 27-5 1P50 0
 Mean 3.31 -0 509 5-31 23418 3 09 0415
 Log numbers in flight up to 30 ft (9-2 m) over 106 ft2 (92 900 m2) of oats, gradient of log
 density on log height, log number taking flight from 106 ft2 (92 900 m2) per hour, maximum
 temperature at crop level, mean wind speed and rainfall from 2 August to 31 August 1961.
 The 1962 densities over grass show this profile most clearly (Fig. 1). In both the upper
 and lower elements the log x log gradients are remarkably straight and the discontinuity
 remains at much the same height, 05-2 5 m, in different months.
 At 05 m the aerial density is the same over fallow as over grass and it is presumed
 that, at all heights above this, aerial density is independent of the ground cover. Below
 0 5 m, however, aerial density is usually much less over fallow than over grass. The lower
 element of the profile over grass may be said to be absent over fallow, the discontinuity
 extending down almost to ground level. Certainly the aerial density at 1 cm over bare
 fallow is little greater than at any height up to 2-5 m except in May 1962 when the
 density at fallow level was as great as at grass level, in the limited material available. The
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 data for May are otherwise inadequate for a reliable profile, but the general gradient
 differs little from other months; there may or may not be a discontinuity.
 The profile in 1961 (Fig. 2) is less consistent than in 1962 and the fewer traps makes
 interpretation more difficult. Results from 1962 suggest that catches from the three 18 in.
 *o.0
 0
 0 ~ ~ ~~0 0
 C; ~~0 2
 cn
 0~~~~~~~~~~~~~~~
 0)
 5
 l ''' Xii 'I'
 1cm 5 10 50 lm 5 10 50 100
 Height
 FIG. 1. Relative density of Oscinellafrit, in relation to height, in 1962. Ordinate scales are
 staggered for clarity. 1, May; 2, June; 3, July; 4, August; 5, September. *, Over fallow;
 0, over grass.
 (45 cm) traps at 2-4, 5 0 and 8-4 m form part of an upper element extending at least up to
 32 m; results from 1961 do not conflict with this although the gradients vary more. The
 discontinuity is present in 1961 at about 1 m above the oats, but is less precisely defined
 than in 1962 and in the tiller generation, June/July, the gradient is steeper than at any
 time in 1962. Drawing the lower element of the profile from 1 cm over grass through
 41 cm over oats gives gradients not greatly different from, though more variable than,
 gradients in 1962. The most striking feature of these 1961 profiles is the lower element
 over oats. In the first or overwintering generation and in the third or panicle generation,
 the aerial density close to the surface of the oat crop is almost the same as at 1-2 m
 higher. In other words, the discontinuity at 1 m extends down to the oat crop as it does
 down to fallow ground for most of 1962. Alternatively, in the second, or tiller, generation
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 the oat-level and grass-level densities are the same and this is similar to the overwintering,
 May, generation over fallow in 1962.
 \1X
 2
 3
 1crn 5 10 50 lr 5 10 50 100
 Height
 FIG. 2. Density of Oscinellafrit, in relation to height, in 1961. 1, Overwintering generation;
 2, tiller generation; 3, panicle generation. 0, Over oats; C, over grass.
 Differences between sexes
 The profiles are similar for the two sexes (Fig. 3), but the gradients in the lower element
 over grass are slightly steeper for males than for females in both years. Above the discon-
 tinuity, found with both sexes in both years, the gradients differ less.
 The discontinuity
 The step or discontinuity in the profile is peculiar to the frit fly; it occurs with both
 male and female frit (Fig. 3) but not with other insects (Fig. 4). Flight on 10 July and 18
 August 1961 was typical for the tiller and panicle generations respectively. On 10 July
 0. frit and other insects have similar density profiles, neither showing a discontinuity.
 On 18 August, however, although the other insects retained their normal regular profile,
 that for 0. Jrit is stepped. This eliminates the possiblity that the discontinuity is caused
 simply by the atmosphere, and was confirmed in 1962 by the density profiles for many
 other species of insect, none of which showed discontinuities.
 There remains the possibility that frit fly may respond specifically to the two kinds of
 traps used, Vent-Axia fans below the discontinuity and Woods Propellor fans above. The
 calibration of the 9 in. (22 5 cm) Vent-Axia and 18 in. (45 cm) Woods traps for 0. frit
 was therefore checked by direct comparison for 30 days in June/July 1963 at crop level in
 oats. With a total catch of 9507 frit there was no difference in the estimates of density
 reached by the two kinds of trap, confirming that the calibration (Taylor 1962), derived
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 for insects generally, applies specifically to 0. frit. The discontinuity in the profiles is
 therefore real and is not an artefact of the techniques used.
 X \2
 C
 0~~~~~~~~~
 A , - _0__0
 0  X3
 0
 e1cm 510 50 m 5 10 50 100
 Heig9ht
 FIG. 3. DenSitY Of Oscinellafrit, in relation to height, 1961-62. 1, d 1961; 2, Y 1961; 3, d
 1962; 4, Y 1962. 0, Over oats 1961, over fallow 1962; O, over grass.
 Table 6. The gradient (b) of aerial density in relation to height
 hourly on 18 August 1961
 Hours G.M.T. Regression coefficient b
 06-07 -1-34 ?0-20
 07-08 -1-03 ?0-23
 08-09 -1-22 ?0-30
 09-10 -1-79 ?0-81
 10-11 -096?003
 11-12 -1-15 ?0-38
 12-13 -1-09 ?0-34
 13-14 -0 98 ?0-57
 14-15 -1-43 ? 0-07
 15-16 -1-30 ?0-34
 16-17 -1-54 ?0-31
 17-18 -1-60 ?0-22
 18-19 - 1-50 ?0-33
 19-20 - 1 -86 :z 0-51
 Hourly changes
 On 10 July and 18 August 1962 the profile of density was measured hourly from
 06.00 to 20.00 hours (Table 3). The 10 July (Fig. 5) profiles are more nearly linear than
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 those of 18 August, which resemble those found in August at greater altitudes by Johnson
 et al. (1962). There is a slight trend for gradients to become flatter near mid-day, for
 example on 18 August fitted regression coefficients rise from b =-1[34 at 06.00-07.00
 hours to -0-96 at 10.00-1 1.00 hours and fall again to -186 at 19.00-20.00 hours (Table
 6). This again is similar at greater altitudes.
 On 18 August the number of maiden flights from the crop was also measured hourly by
 use of the take-off cages (Table 3) and compared with hourly estimates of total numbers
 0
 4
 lcm 5 10 50 lm 5 10 50 100
 Height
 FIG. 4. Density of Oscinellafrit and other insects, in relation to height. 1, Other insects and
 2, O. frit, 10 July 1961 ; 3, other insects and 4, O.frit, 18 August 196 1.
 flying (Fig. 6). There is a bimodal curve for total numbers in the air on this occasion, to
 which the maiden flights contribute only the second peak. This confirms the suggestion,
 made by Southwood, Jepson & van Emden (1961), that the flight periodicity of O.frit is
 partly determined by rates of eclosion and teneral development, as in the general model
 developed by Johnson & Taylor (1957).
 Factors affecting the number flying
 Only 20% of the daily variance of the numbers flying over the oats from 25 June to
 20 July is accounted for by the factors measured (Table 7). Wind speed, maximum
 temperature and rainfall had no effect. Hours of sunshine and the number of newly
 emerged adults taking off made the only significant contribution to the variance and,
 when all other factors are omitted, take-off of new adults accounts for 12% of the variance
 in a significant simple regression.
 From 2 to 31 August, 51 % of the daily variance is accounted for by new adults taking
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 FIG. 5. Hourly profiles of density in relation to height, for Oscinellafrit over oats in 1961. (a) Tiller generation (10 July);
 (b) Panicle generation (18 August). The abscissa scales are staggered for clarity.
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 off, and wind speed; temperature and rainfall make no significant contribution. No
 difference is made to the amount of variance explained when temperature and rainfall
 9 o
 8-
 -3000
 7-
 I ~~~~~~~~~-2500
 6 0
 , \ ~~~~~~~~2000O,
 E
 FIG. 6.Nmeso siel rttkn ih fo 00f2o rpsrae() n h1500
0/
 z 3-
 2-
 1 ~~~~~~~~~~~~~~~~500
 0*0- 0
 06 08 10 12 14 16 lB 20
 Hours G.M.T
 FiGe . 6. Numbers of Oscinella fit taking flight from d000 ft2 of crop surface ( b), and the
 numbers in flight over the same area (e), at hourly intervals on 18 August 1961.
 Table 7. Partial regression coefficients and standard errors for log numbers in flight and
 the gradient of aerial density in relation to log numbers taking off, wind speed, maximum
 daily temperature, rainfall and sunshine
 Dependent variables
 Independent Numbers in flight Gradient of density (b)
 variable -
 Tiller generation Panicle generation Tiller generation Panicle generation
 25 June to 20 July 2-31 Aug. 1961 25 June to 1 Aug. 2-31 Aug. 1961
 1961 1961
 Take-off +1-2741 ?0-6052* +0-7662 ? 0.1593*** -2-2739 ?0 5344*** -0-5371 ?0 4153
 Wind speed +0-0502 ?0-0585 +0 0621 ?0.0309* -2-2249 ?0-5356*** -2 3930 ?0 6402***
 Tempera,ture+0O0173 ?0 0326 +0 0322 ?0 0297 -0 0104 ?0 1961 -0 8960 ?0 4959
 Rainfall -0 0900 ?0 0908 -0 5552 ?0 5270 -2 7066 ? 1.1647* +0 0635 ? 11304
 Sunshine -0 0404 ? 0-0197* +0 0327 ?0 0239 +0 0755 ?0 0526
 d.f. 20 25 32 25
 VARIANCE ACCOUNTED FOR (o%)
 All factors 20 51 63 41
 Single
 factors
 Take-off 12 46 - -
 Wind speed - - 36 36
 Levels of significance: *<5 %; ***<0 1 00.
 are omitted and in a very highly significant simple regression, 46% of the variance is
 explained by take-off. The especially interesting feature of these analyses is that the
 currently emergent new adults always contribute significantly to the population in the
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 air and that, when wind speed does affect the numbers flying, the regression is positive
 not negative as visual observation suggests. This means that the greater the wind speed,
 the more O. rfit fly.
 Factors affecting the gradient
 In the tiller generation, more of the day-to-day variance of the gradient of aerial
 density, b, than of the daily numbers in the air is explained by the factors measured
 (Table 7); rainfall, wind speed and numbers taking off were all negatively correlated with
 b. In other words, increase in rain, wind or take-off lowered the mean height of flight, and
 together these factors accounted for 63% of the variance. In the panicle generation, only
 wind speed significantly affected the gradient of density, again lowering the mean height
 of flight. Neither maximum temperature nor sunshine significantly affect gradient, and
 rainfall, with a just significant negative regression in the tiller generation, had a non-
 significant positive regression in the panicle generation. In single factor regressions wind
 speed explained 36% of the variance of the gradient in both generations and the regression
 coefficients are very much alike, -2-22 and -2-39. This suggests a physical artefact
 produced by the interaction between a constant upward flight speed of the insects, the
 variable cross-wind speed and the small size of the plot, or a very remarkable biological
 dependence on physical conditions such as a strong inverse correlation between upward
 flight speed and cross-wind speed.
 DISCUSSION
 This work had three main objectives. To describe the distribution of frit fly at low
 altitudes -over oats, grass and fallow and the effect on this distribution of generation, sex,
 time of day and time of year; to find out whether climate or population has the greater
 effect on numbers flying; and to find out what most affects height of flight in the lower
 layers of the air.
 Insect density generally diminishes with increase in height and at high altitudes the
 relation between log density and log height is approximately linear (Johnson 1957). It is
 convenient, therefore, to treat the log x log gradient as if it were linear within layers of
 air, and collectively these gradients in several layers of air constitute a profile. In the
 present data the profile is strikingly novel and highly specific to 0. frit. The character-
 istic feature in 4 out of the 5 months in 1962, when the profile was measured in detail,
 was the discontinuity between 05 and 2i5 m and we think this constitutes a real division
 between insects in general circulation above 2-5 m and those below 05 m, attracted to
 and in sensory contact with the crop.
 Insects in general circulation are lifted up to thousands of metres (Johnson et al. 1962)
 and the gradient for this altitude migration is represented here by the upper element,
 2-5 to 32 m of the monthly profiles in Fig. 1. The several monthly gradients in 1962 are
 very similar, as was the weather from June to September. In 1961 the upper element of the
 profiles differed much more (Fig. 2), as did the weather, but the data are less precise and
 interpretation more difficult. Gradients are steepest in morning and late afternoon and
 shallowest near noon, as was expected.
 In the general aerial circulation the wind determines the distribution of insects. Lower
 down there is a region, which has been called the boundary layer (Taylor 1960a), in
 which the insect has control over its movements and from which it must break free to use
 the wind as a means of dispersal. Within this layer the density gradient is not dependent
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 on turbulent convection of the wind and density may be independent of height in the
 absence of specific attractants. For this reason the profiles within the discontinuities in
 1962 (Fig. 1) have been drawn with zero gradient and this uniform density layer has been
 extrapolated down almost to the 1 cm trap over bare fallow.
 In June 1962 the density at 1 cm over bare fallow coincides almost exactly with the
 density in this hypothetical boundary layer of uniform density. In the three subsequent
 months the density at 1 cm over fallow is greater and a short 'tail' to the profile has been
 drawn parallel to the gradient over grass. This tail refers to a layer of air only 2 cm deep.
 At 61 cm over bare fallow the density exactly conforms with that over mown grass.
 Between 1 cm and 61 cm over fallow there are no results, but, no matter how this element
 of the profile is drawn, the gradient of density is slight and strikingly different from that
 over grass.
 The implication of Fig. 1 is that a boundary layer of uniform density exists over bare
 soil up to 2 5 m, represented by a broken line. Above 2-5 m the log x log gradient is
 linear, the upper solid line, and depends on wind dispersal for its form. There may be an
 extremely thin (2 cm) layer of insects of greater density over soil, represented by the
 dotted line. Over mown grass there is another shallow, 05 m deep, but very dense layer
 of insects, represented by the lower solid lines in Fig. 1.
 The most striking feature of the distribution over mown grass is the regularity of the
 way in which density decreases from within 1 cm of the grass sward up to 05 m, and the
 perfect agreement in density at 0 5 m with that over bare fallow. This shallow but dense
 layer of insects is present over grass at all times in both 1961 and 1962, and is evidently
 intimately associated with the short grass. Within this layer, doubling the height more
 than halves the density, a feature also found at an altitude of hundreds of metres (Johnson
 et al. 1962), and this is the same for both sexes. The gradient is so consistent and so linear
 in the 4 months with full records that it suggests the possibility of an artefact of the site.
 However, this seems improbable because the highest trap in the series (53 cm) is sur-
 rounded by grass to a distance of at least ten times its own height. The reason for the
 regular gradient, with its remarkable similarity to the gradient at 2-5 to 32 m, which is
 certainly not an artefact of the site, is therefore unexplained.
 May 1962 is anomalous. Density over fallow is'as great as over grass. This is the more
 surprising because the density over oats in May is less than over grass, being the same as
 the uniform density in the boundary layer. With the later, tiller generation, however,
 densities over oats and grass are alike, as might be expected, and the boundary layer is
 barely perceptible in the less precise 1961 data. By the panicle generation, when the oats
 are no longer attractive to frit flies, the profile over oats is again like that over fallow.
 The numbers flying of frit flies of both generations increased with increase in numbers
 making their initial take-off and with the panicle generation 46% of the day-to-day
 variance in numbers flying was attributable to take-off. If the insects flew on successive
 days, this high correlation would disappear, so the flies either stop flying or leave the
 crop. With the tiller generation only 12% of the day-to-day variance was so explained,
 which indicates that the insects in flight over the crop either flew longer, or had come
 from outside the oat crop.
 Wind speed had no significant effect on numbers of the tiller generation flying and
 numbers of the panicle generation in flight tended to increase with wind speed which,
 however, lowered the height of flight in both generations. Increase in amounts of rain and
 in number of flies taking off both caused the average tiller generation frit fly to fly lower.
 The crop extended horizontally only about five times as far as the height of the top trap
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 and, with a mean wind speed of above 9 ft/sec (2-74 m/sec), the upper trap sampled
 increasingly from frit populations outside the oat field. If the population density outside
 the field was less than inside, the change in gradient with wind speed could be explained
 as an artefact; if the density is greater outside, the change in total numbers with change
 in wind speed could be similarly explained. Neither possibility explains both regressions.
 In all about 13 000 flies per acre (= 32 000 per hectare) were produced by the oat crop
 in the tiller generation and about 650 000 per acre (= 1 625 000 per hectare) in the
 panicle generation in 1961. The aerial population depends on the balance between rate
 of immigration and take-off on the one hand and rate of emigration and settling on the
 other. We have obtained an absolute measure of the number of flies taking off daily from
 the plot and also an absolute measure of the number of insects in the air over the plot up
 to a height of 9-2 m. By making some assumptions about the general distribution of frit
 fly we can estimate the time spent by these insects in the vicinity of their place of eclosion.
 Table 8. Balance of aerial population and numbers taking off in the
 tiller and panicle generations in oats in 1961
 No./100 yd2 at trap site Tiller generation Panicle generation
 18 June to 31 July 1 Aug. to 14 Sept.
 Taking flight/min 009 4l48
 Total in flight up to 30 ft at any
 time between 08.00 and 18.00 hours 1-36 1P16
 Time to disperse from site (min) 1541 0l26
 Consider first the panicle generation. The oats in the crop are dry and ready for harvest-
 ing and therefore unattractive when this generation flies, 1 August to 14 September, so
 we may assume that accumulation of numbers in flight over the crop, caused by immigra-
 tion, was slight. The measured aerial numbers over the crop, therefore, must have been
 maintained by the flight of insects emerging from it. In the area occupied by the traps, say
 100 yd2 (83.6 m2), 4-48 frit took off per minute. If these insects remained in flight over the
 crop for 1 min, the aerial population should number 4-48 per 100 yd2 (83.6 m2) up to an
 indefinite height. The population was measured only up to 30 ft (9.2 m), but to a first
 approximation we may say that the aerial population numbered only 1-16 per 100 yd2
 (83.6 m2) (Table 8) and a crude estimate of the time taken to disperse from the site is
 therefore 15-6 sec. If the insects were dispersing horizontally, their places would be
 occupied by other insects from further upwind of the trap but still within the crop, for the
 average wind speed was 9 ft/sec (2.74 m/sec) and with a crop extending 150 ft (45.7 m)
 upwind, it would take 15-7 sec for insects from the edge of the crop to reach the trap. If
 the insects flew up to the light, as reported by Southwood, Jepson & van Emden (1961),
 they would be climbing 30 ft (9.2 m) in 15-6 sec, i.e. 1 9 ft/sec (0.58 m/sec) which is about
 the right speed for O. frit. The insects did not resettle on the crop for there was no accu-
 mulation there. Any other assumption allowing for immigration into the crop makes the
 speed of departure even faster. It therefore appears that these flies were flying at full speed
 away from their sites of eclosion, up into the air.
 Assuming that the pre-migrants behave the same in the tiller generation and fly away
 after eclosion, as required by Johnson's (1960) post-teneral migration hypothesis, the
 aerial population of 1705 per 106 ft2 (= 1834 per 105 m2) could be maintained by the
 influx of a post-migrant population, of the same size as the emergent one, remaining for
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 an average of 1541 flying minutes, not necessarily consecutive, over the crop. These insects
 would then spend sixty times as long in flight over the crop after migration as they did
 before migration. Aerial densities over oats and grass are the same at this time of year, sob
 the assumption of a similar population entering and leaving the oat field is reasonable
 and the greater time in flight would explain the smaller amount of variance of the totat
 aerial population attributable to take-off.
 The post-migrant insects may contribute to the additional element of population
 below 0 5 m over grass which comprises males and females in similar numbers. However,.
 the egg-laying female population may not be included in these samples for they do not
 extend down into the plant cover, which is possibly why the aerial density over oats is
 small. It is not known whether copulation takes place before migration but males and
 females migrate equally commonly at high altitudes as earlier samples up to 300 m have
 shown, and at least one female was found to be already fertilized during migration at an
 altitude of thousands of metres (Taylor 1960b). The function of the mixed population
 close to the grass surface remains obscure.
 The smaller density over fallow than over grass depends on the dense additional layer
 of insects just above mown grass. This layer is only 0 5 m thick and is recognizable in our
 results only because of the intensive sampling procedure adopted. To obtain conclusive
 evidence of the different density gradients over grass and fallow, a similar vertical series
 of samples must be made over both. Our results show the density at 1 cm over grass to be
 fifty times that at 1 cm over bare fallow. The exactly equivalent densities at 61 cm over
 fallow and grass for frit and the equivalent densities of other insects at 1 cm show that the
 techniques are sound. The explanation must be sought in the exceedingly great density
 over mown grass.
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 SUMMARY
 1. Aerial density of frit fly over fallow and over oats in the overwintering and panicle
 generation is uniform up to 2 5 m. Over grass at all times, over oats in the tiller genera-
 ation, and possibly over fallow in the overwintering generation, there is a dense additional
 layer of insects from the top of the vegetation up to 0 5 m with regularly diminishing
 density. From 2 5 m up to 32 m density diminishes regularly, so that at 2-5 m frit enter
 the general aerial circulation extending at least up to 300 m.
 2. Males and females are similarly, but not identically, distributed. Only rate of
 emergence consistently affects the number in flight. Flight periodicity is partly determined
 by rates of eclosion and teneral development as in Johnson & Taylor's (1957) model.
 Increase in wind speed, rain and the number emerging all tend to lower the mean height
 of flight. Increase in wind speed tends, if anything, to increase the number of frit flies in
 flight.
 3. Panicle-generation frit flies migrate immediately, and rapidly from the crop. Tiller-
 generation frit flies fly over the crop for about sixty times as long as panicle generation
 frit. This is probably the post-migration flight of immigrants.
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